Wild edible plants: Nutritional and toxicological characteristics, retrieval strategies and importance for today's society by Pinela, José et al.
Contents lists available at ScienceDirect
Food and Chemical Toxicology
journal homepage: www.elsevier.com/locate/foodchemtox
Wild edible plants: Nutritional and toxicological characteristics, retrieval
strategies and importance for today's society
José Pinela, Ana Maria Carvalho, Isabel C.F.R. Ferreira∗
Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Campus de Santa Apolónia, 5300-253 Bragança, Portugal








A B S T R A C T
Wild edible plants (WEPs) are part of the cultural and genetic heritage of diﬀerent regions of the world. In times
of famine and scarcity, these sources of nutrients and health-promoting compounds have received high im-
portance mainly in rural and suburban areas. Although currently underutilized, WEPs are still consumed tra-
ditionally by diﬀerent communities and are gaining relevance in today's society. However, these foods lack
recognition as signiﬁcant contributors to the human diet in developed areas. This review describes the nutri-
tional value of WEPs from the North-eastern region of Portugal and points out those containing potentially toxic
compounds. Several retrieval strategies are presented with the aim of promoting the (re)use, production,
commercialization and conservation of WEPs (wild harvested plants and crop wild relatives), and their im-
portance for social, economic and agro-ecological development is highlighted.
1. Introduction
Wild plants have received great importance at diﬀerent places and
times of the human history given their ability to provide nutrients
during scarcity periods and protection for minor health conditions
(Torija-Isasa and Matallana-González, 2016). Their popularity comes
from the need for nourishment in regions experiencing food shortages,
where wild edible plants (WEPs) have played an important role in
complementing staple agricultural foods and poverty alleviation, and
from the perceived health-promoting eﬀects and cultural trends
(Sõukand, 2016). Moreover, the long use of WEPs is associated with
particular wisdom and practices, and above all great creativity pulsing
with life, and with each user, household, region or country.
The current underutilization of WEPs was promoted by industrial
revolution, lifestyle changes, large-scale cultivation of a limited number
of crops (such as wheat, maize and rice), and less contact with nature,
among other reasons (Łuczaj et al., 2012). In fact, in developed coun-
tries, cultivated plant-based foods purchased at the supermarket are
placed on the table with relatively less eﬀort than if collected from the
wild. Nevertheless, many people around the world continue to rely on
WEPs to meet at least part of their daily nutritional needs (Turner et al.,
2011). Moreover, a new phenomenon associated with the use of WEPs
is emerging in modern societies (Carvalho and Barata, 2016).
Several studies carried out in the last years revealed the important
role of WEPs as sources of nutrients and contributors to human dietary
requirements (Sánchez-Mata et al., 2016). Some WEPs have also been
described as being functional foods, because they contain physiologi-
cally active ingredients capable of providing health beneﬁts beyond
basic nutrition (Pinela et al., 2016e); while others may contain poten-
tially toxic compounds to humans (EFSA, 2012, 2009). Therefore, this
article reviews the nutritional composition of WEPs from the North-
eastern region of Portugal and safety issues related to their use. These
species were selected based on ethnobotanical data that have recalled
from memory such traditional knowledge and practices regarding the
use of WEPs (Carvalho, 2010; Carvalho and Morales, 2010; Tardío
et al., 2006; Tuttolomondo et al., 2014). Strategies for retrieval of these
species are also herein discussed, highlighting their importance for to-
day's society. Moreover, these approaches might contribute to local
sustainable development and innovative options for rural and margin-
alized areas, meeting the main goals of United Nations, such as promote
inclusive and sustainable socioeconomic growth and provide wellbeing
and healthy lives for all (European Commission, 2016).
2. Wild edible plants from North-eastern Portugal
WEPs traditionally consumed in the North-eastern region of
Portugal are presented in Table 1. Species belonging to 17 families
including Asteraceae, Lamiaceae, Polygonaceae, Amaranthaceae,
Apiaceae, Boraginaceae, Portulacaceae, Asparagaceae, Cannabaceae,
Caryophyllaceae, Dioscoreaceae, Malvaceae, and Papaveraceae were
reviewed, as well as others of economically important botanical fa-
milies or locally highly prized such as Brassicaceae, Cucurbitaceae,
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Fabaceae, and Rosaceae. These species are usually gathered and con-
sumed as wild vegetables, spices/condiments, snacks, recreational
beverages and fruits, but are also prepared in medicinal infusions and
decoctions for the treatment and prevention of various diseases and
health conditions. Most of the times, these WEPs are collected from the
wild where they grow spontaneously; but some wild forms are occa-
sionally brought to the garden and cultivated directly for food purposes,
such as Origanum vulgare L., Scolymus hispanicus L. (Fig. 1), Silene vul-
garis (Moench) Garcke and Rumex sp. pl., with the aim of obtaining a
higher yield, an immediate availability, and overcome a possible lack of
such species in the region.
2.1. Wild plants as sustainable foods
Wild vegetables have been the mainstay of human diets for cen-
turies and people still continue reserving some time for collecting these
foods, which are rich in micronutrients and highly appreciated raw in
salads or cooked in traditional recipes. As shown in Table 1, the edible
parts harvested and consumed are diﬀerent depending on species and
growth stage. Some examples of the most common plant parts used are
basal leaves (including the ones of Sonchus oleraceus L., Papaver rhoeas
L., Cichorium intybus L., Chondrilla juncea L., Beta maritima L., Rumex
papillaris Boiss. & Reut., Rumex pulcher L. and Anchusa azurea Mill.), or
just the midribs (as in the case of Scolymus hispanicus L. and Silybum
marianum (L.) Gaertn.), young stems with leaves (like the four wide-
spread species of wild asparagus Asparagus acutifolius L., Bryonia dioica
Jacq., Humulus lupulus L. and Tamus communis L.; Fig. 1), and other
organs such as the edible bulb and pseudostem (lower part of the
leaves) of Allium ampeloprasum L. (wild leek). These vegetables are
consumed both raw and cooked, although others are more often eaten
cooked (such as Rumex species, Borago oﬃcinalis L. and Silene vulgaris).
In times of scarcity, some WEPs were eaten in the ﬁeld as snacks
without any preparation, or chewed and spitted for entertainment, as
hunger or thirst quencher, or to enjoy its ﬂavour. These snacks con-
sisted mostly of ﬂowers that were sucked because of the sweet taste of
the nectar (e.g.,Malva sylvestris L. and Lamium purpureum L.), but also in
the tasty and interesting-looking immature fruits of Fabaceae such as
Astragalus and Vicia species, Foeniculum vulgare Mill., Malva sylvestris
and Capsella bursa-pastoris (L.) Medik. (Carvalho, 2010; Tardío, 2005;
Tardío et al., 2006). The peeled young shoots of Rubus ulmifolius Schott,
Fig. 1. Some examples of wild species and plant materials
traditionally used in the North-eastern region of Portugal as
food and/or medicine. A: Asparagus acutifolius L.; B: Bryonia
dioica Jacq.; C: Humulus lupulus L.; D: Urtica dioica L.; E:
Scolymus hispanicus L.; F: Rumex induratus Boiss. & Reut.; G:
Genista tridentata L.; H: Lonicera etrusca Santi; I: Portulaca
oleracea L.; J: Lathyrus sativus L.; K: Origanum vulgare L.; and
L: Rubus ulmifolius Schott. Nomenclature according to The
Plant List (2013).
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as well as of wild roses and young shoots and leaves of Rumex sp.pl,
were eaten raw in spring. Foeniculum vulgare was used as thirst
quencher or breath refreshment (Tardio et al., 2002). These snacks were
eaten occasionally (mostly by children and shepherds) and not as reg-
ular food, although some nutritional value was perceived (Menendez-
Baceta et al., 2012).
Aromatic plants are very important in the gastronomy of the North-
eastern Portugal. Flowering parts of Foeniculum vulgare Origanum vulgare,
Mentha pulegium L., Thymus pulegioides L., Thymus mastichina L., Genista
tridentata L. (syn. Pterospartum tridentatum (L.) Willk.; Fig. 1), Helichrysum
stoechas (L.) Moench. and Glechoma hederacea L. are traditionally used as
condiments/spices for ﬂavouring and seasoning of traditional dishes and
salads (Table 1). T. mastichina is also used as a salt substitute and olives
preservative. Some of these aromatic plant were used for seasoning soups
and purees in order to diversify the monotonous diet (Carvalho and
Morales, 2010; Pardo-de-Santayana et al., 2007).
Other WEPs were prepared in recreational beverages, both alcoholic
and non-alcoholic, such as tisanes (herbal teas) and liqueurs. These
herbal teas are consumed in a food context for their social and/or re-
creational value or their attributes of healthy drinks, not including in-
fusions/decoctions taken only for speciﬁc medicinal purposes (Sõukand
et al., 2013). While medicinal beverages are purposely taken for a
limited number of days to treat a certain health condition, there is no
limit to the duration that recreational teas can be consumed. In addi-
tion, herbal teas are drunk hot or cold according to the season. As
shown in Table 1, M. pulegium, G. hederacea and Dysphania ambrosioides
(L.) Mosyakin & Clemants (syn. Chenopodium ambrosioides L.) were
prepared in tisanes. In turn, M. pulegium and Humulus lupulus in-
ﬂorescences and the fruits of Rubus ulmifolius and Prunus spinosa L. were
used to make liqueurs (Carvalho, 2010; Menendez-Baceta et al., 2012).
2.2. Wild plants as folk medicines
The majority of the species presented in Table 1 were perceived as
having medicinal properties. They were used in local folk medicine,
prepared mainly in medicinal infusions and decoctions to treat several
health conditions, but also in macerations, syrups, poultices, broths, or
applied directly. Medicinal beverages were taken to treat mainly di-
gestive disorders (such as those prepared from Beta maritima, Thymus
mastichina, Borago oﬃcinalis, Rubus ulmifolius, Humulus lupulus and
Foeniculum vulgare) and respiratory system problems (including the
ones prepared from Mentha pulegium, Genista tridentata, Helichrysum
stoechas and Papaver rhoeas). Others were used for their disinfectant or
anti-inﬂammatory eﬀects (namely Origanum vulgare, Anchusa azurea,
Chichorium intybus, Glecoma hederacea and Rumex acetosella L.). Liver
conditions, urinary aﬀections, skin problems, toothache, diabetes, cold,
ﬂu and bronchitis, among other problems, were also treated using WEPs
(Table 1). However, the traditional knowledge and local healers assume
that the oral preparations from some of these plants can lead to some
risks, especially due to excessive doses and long-term treatments, thus
recommending speciﬁc dosages and controlled periods of intake with
ritual healing practices (Carvalho, 2010).
Other examples of edible species with medicinal applications are as
follows: the fruits of Bryonia dioica and Tammus communis used to be
macerated in alcohol or crushed and applied topically as an ointment to
treat rheumatic and muscular pains. The sap of Chondrilla juncea was
applied to treat and heal skin injuries. Dermatitis, burns and skin in-
juries were also treated with warmed leaves of Malva sylvestris as
poultices. Syrup against cold and ﬂu used to be prepared from Origanum
vulgare aerial parts. Borago oﬃcinalis, Cichorium intybus and Sonchus
oleraceus were also consumed in medicinal broths.
2.3. Crop wild relatives and landrace diversity
Crop wild relatives are wild plant species closely related to culti-
vated plants (Maxted et al., 2006). These species are components of
both natural habitats and agro-ecosystems and constitute an important
element of plant genetic heritage that needs to be conserved
(Castañeda-Álvarez et al., 2016). An inventory performed by Magos
Brehm et al. (2008) reported the existence of 2262 taxa (including
subspecies and varieties) of crop wild relatives in the Portuguese ﬂora,
representing ∼9.6% of the European and Mediterranean crop wild re-
latives ﬂora. Examples of crop wild relatives that used to be eaten in
north-eastern Portugal include:
- In the Fabaceae family: The immature pods of wild pea (Lathyrus
cicera L.), ﬂat pea (Lathyrus sylvestris L.), milkvetches (Astragalus
cymbaecarpos Brot. and A. pelecinus (L.) Barneby), narrow-leaved
vetch (Vicia angustifolia L.), hairy vetch (Vicia villosa Roth) and
yellow vetch (Vicia lutea L.) were eaten raw. Single-ﬂower vetch
(Vicia articulata Hornem.) seeds were consumed due to its resem-
blance with those of small-seeded lentil cultivars.
- In the Brassicaceae family: Wild arugula (Eruca vesicaria (L.) Cav.),
garlic mustard (Alliaria petiolata (M. Bieb.) Cavara & Grande), white
wall-rocket (Diplotaxis erucoides (L.) DC.), wild mustard (Sinapis ar-
venses L.), wild watercress (Nasturtium oﬃcinale R. Br.) and white
mustard (Sinapis alba L.). Their basal leaves and young shoots were
eaten raw in salads or cooked and consumed as greens or in soups.
The seeds of white mustard were used as a mild ﬂavour for pickling
or grilled meat.
- In the Rosaceae family: Wild strawberry (Fragaria vesca L.), common
hawthorn (Crataegus monogyna Jacq.), blackthorn (Prunus spinosa
L.), European crab apple (Malus sylvestris (L.) Mill.) and elm-leaved
blackberry (Rubus ulmifolius) (Fig. 1). From all these species the
bletted fruits, that are sweeter, were eaten raw as snacks. When
ripen they were also cooked to be edible and used to prepare mar-
malades. The young shoots (pointed ends) of elm-leaved blackberry
were consume like asparagus and served as a garnish.
- In the Asteraceae family: Wild lettuces (Lactuca serriola L., L. virosa
L., and Taraxacum species). Basal leaves were used raw in salads.
- In the Apiaceae family: Wild carrots (Daucus carota L.) and Angelica
sylvestris L. and A. major Lag.. D. carota tuberous root is edible while
young and was consumed either raw or cooked. The leaves, tender
shoots and stems of Angelica species were prepared as vegetables.
Sometimes could be boiled to a stew. They were also used raw, as an
aromatic addition to salads.
Some of these wild foods (e.g. the edible fruits of the four Rosaceae
species C. monogyna, P. spinosa, R. ulmifolius and F. vesca) have been
already characterized in terms of nutrients and bioactive properties in
order to highlight their potential for human nutrition (Barros et al.,
2010c; Dias et al., 2016; Morales et al., 2013). However, despite the
importance of these crops' wild relatives, this review is focused on the
wild harvested plants presented in Table 1.
3. Nutritional composition
The nutritional composition of the selected WEPs is discussed
below, as well as its contribution to the recommended dietary allow-
ances (RDA) of certain nutrients for male and female adults (31 through
50 years), i.e. the average daily dietary intake level that is suﬃcient to
meet the nutrient requirements of nearly all healthy individuals in this
age-speciﬁc group (Otten et al., 2006). Additionally, a plant part was
considered as a source of a certain nutrient when a 100-g portion con-
tributes to more than 15% for the RDA and as having a high content
when the same 100-g portion contributes in more than 30% (Table A1).
3.1. Proximate composition
The proximate composition comprising the major nutritional value
indicators and the energetic value of the selected WEPs is presented in
Table 2. The midribs of basal leaves of Silybum marianum, the aerial
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parts of the semi-aquatic plants Montia fontana L. and Nasturtium oﬃ-
cinale, the young stems with leaves of Apium nodiﬂorum (L.) Lag. and
the leaves of Portulaca oleracea L. have the highest moisture content
(ranging from 91.8 to 93.4 g/100 g) (Cowan et al., 1963; García-
Herrera et al., 2014b; García Herrera, 2014; Oliveira et al., 2009;
Pereira et al., 2011; Pinela et al., 2016a; Tardío et al., 2011). These
plants are usually consumed raw in salads, sautéed or cooked (Table 1).
In turn, the immature fruits of M. sylvestris (Barros et al., 2010a) and
plants used as a condiment or spice (mainly ﬂowering parts) reveal the
lowest moisture content (< 62 g/100 g). This is the case of Thymus
pulegioides, T. mastichina, Mentha pulegium, Origanum vulgare, Pter-
ospartum tridentatum and Helichrysum stoechas (Barros et al., 2011a,
2010e; Fernandes et al., 2010; Pinela et al., 2011).
The protein levels of the selected WEPs range from 0.6 to 6.2 g/
100 g (Table 2). The ﬂowers of P. tridentatum (Pinela et al., 2011) and
the young aerial parts of Bryonia dioica (Fig. 1) (García Herrera, 2014;
Martins et al., 2011) present the highest amounts. However, a 100-g
portion of these plants only contributes in 11.1/13.5 and 10.0/12.2%
for the RDA for male/female adults, respectively (Table A1). Thus, the
selected edible plants are not good sources of proteins. These gross
constituents are generally calculated based on the amount of total
Kjeldahl nitrogen that is multiplied by the conversion factor 6.25
(AOAC, 2016; Regulation (EU) No 1169/2011).
The fat levels are ≤4.87 g/100 g and the higher amounts are pre-
sented by the immature fruits of M. sylvestris (Barros et al., 2010a) and
the ﬂowering aerial parts of the aromatic plants T. mastichina and O.
vulgare (Barros et al., 2011a). Taking into consideration the reference
intake of 70 g/day for total fat for adults (Regulation (EU) No 1169/
2011), it can be concluded that all selected plants are low-fat foods
(contributions ≤ 7%).
The immature fruits of M. sylvestris and the ﬂowering aerial parts of
T. pulegioides and O. vulgare were those to present the highest carbo-
hydrates content (Barros et al., 2011a, 2010a; Fernandes et al., 2010),
which provide 31–34% of the RDA (130 g/day) for adults. Other seven
pants, including the ﬂowering aerial parts of T. mastichina (36.6 g/
100 g) (Barros et al., 2011a) andM. pulegium (34.4 g/100 g) (Fernandes
et al., 2010) were also reported as a rich source of carbohydrates. These
macronutrients are important short-term energy-storage compounds.
As shown in Table 2, information on dietary ﬁbre content in the
selected WEPs is limited. The RDA of this food component for male and
female adults is 38 and 25 g/day, respectively (Otten et al., 2006). The
basal leaves of C. juncea, Taraxacum obovatum (Willd.) DC., C. intybus
and B. maritima and the midribs of basal leaves of S. hispanicus are those
that contribute the most (15.5–20.5%) to the daily intakes established
for male adults (Table A1). For female adults, other plants arise as in-
teresting sources of dietary ﬁbre (with levels ranging from 3.9 to 5.6 g/
100 g), namely the four species of wild asparagus (A. acutifolius, H.
lupulus, T. communis and B. dioica) (García Herrera, 2014; Martins et al.,
2011), the basal leaves of P. rhoeas, R. pulcher, R. papillaris, S. oleraceus
and A. azurea (García-Herrera et al., 2014b; García Herrera, 2014; Guil-
Guerrero et al., 1998; Trichopoulou et al., 2000), the young shoots with
leaves of F. vulgare (García Herrera, 2014; Trichopoulou et al., 2000),
the bulb and pseudostem of A. ampeloprasum (García-Herrera et al.,
2014a, 2013), and the aerial parts of M. fontana (García Herrera, 2014;
Pereira et al., 2011; Tardío et al., 2011). Thus, the inclusion of these
plants in contemporary diets can potentially increase the dietary ﬁbre
intake.
The ash content corresponds to the total amount of minerals present
within a food. In addition to high levels of fat and carbohydrates, the
immature fruits of M. sylvestris also present the higher ash content
(7.0 g/100 g) (Barros et al., 2010b). With high levels also arise the
leaves and stems of G. hederacea (Barros et al., 2011a), the leaves of F.
vulgare andM. sylvestris (Barros et al., 2010a, 2010b), the basal leaves of
B. maritima and P. rhoeas (García Herrera, 2014), the inﬂorescences F.
vulgare (Barros et al., 2010b) and the ﬂowering aerial parts of T. pule-
gioides (Fernandes et al., 2010).
Based on the amount (mean value) and caloriﬁc contribution from
proteins (4 kcal/100 g), carbohydrates (4 kcal/100 g), fat (9 kcal/
100 g) and dietary ﬁbre (2 kcal/100 g) (Regulation (EU) No 1169/
2011), it was possible to calculate the energetic value for each edible
plant (Table 2). The plant parts with the highest energetic value are the
ﬂowering stems of M. sylvestris and the inﬂorescences of T. pulegioides
(214 and 203 kcal/100 g, respectively). Based on the reference intakes
for energy (2000 kcal/day, for adults) (Regulation (EU) No 1169/
2011), a 100-g portion of these plants only contributes in ∼10–11%.
However, it is a daily amount diﬃcult to reach, since the ﬂowering
stems of M. sylvestris are usually consumed as infusions to relieve sto-
mach pain and to regulate the intestine, while the inﬂorescences of T.
pulegioides are used as a condiment or spice and in tisanes (Carvalho,
2010). The contribution of all the other plants is lower than 10%.
Therefore, all these WEPs are appropriate foods for low-calorie diets.
3.2. Individual sugars
The composition in individual sugar molecules of the selected WEPs
is presented in Table 3. These compounds are included within the
carbohydrates fraction and can be classiﬁed by the number of sugar
units into monosaccharides (such as fructose and glucose), dis-
accharides (such as sucrose and trehalose) and oligosaccharides (such
as raﬃnose). F. vulgare leaves, stems and inﬂorescences present a total
sugar content of 6570, 4920 and 4070 mg/100 g, respectively (Barros
et al., 2010b). The sugars fraction of these F. vulgare edible parts is
composed by 70–72% fructose, 23–30% glucose and 0–5% sucrose. This
plant has important culinary and medicinal uses (Table 1). Shoots,
tender leaves and stems are chewed and sucked due to its exquisite
aniseed ﬂavour and used as vegetables (raw as a snack or in salads,
cooked), seasonings, and food preservatives. The stems are traditionally
used in the brines prepared for the olives' cure. Herbal beverages pre-
pared with fresh tender or dried ﬂowering stems are drunk chilled or
hot, depending on the season (Carvalho, 2010; Tardío et al., 2006). In
fact, the culinary value of this plant might be related to its organoleptic
properties and high levels of sugars.
In general, while the highest sugars content is presented in the
ﬂowering parts of the selected wild plants, the lowest amounts are
found in leafy vegetables. The ﬂowering parts ofMalva sylvestris (Barros
et al., 2010a),M. pulegium (Fernandes et al., 2010), R. ulmifolius (Barros
et al., 2010e), F. vulgare (Barros et al., 2010b) and P. tridentatum (Pinela
et al., 2011) were reported as having a total sugars content ranging
from 2066 mg/100 (in P. tridentatum) to 5508 mg/100 g (in M. syl-
vestris). Some of these plant parts have been used as condiment and/or
in herbal beverages to treat a number of health conditions (Table 1). In
turn, amounts lower than 700 mg/100 g were detected in P. oleracea
(Petropoulos et al., 2015), N. oﬃcinale, R. induratus (Pereira et al.,
2011; Pinela et al., 2016c), R. acetosella, B. oﬃcinalis and M. fontana
(Pereira et al., 2011), wild greens commonly eaten raw in salads or
cooked (Table 1).
As presented in Table 3, fructose and glucose are the most abundant
sugars in almost all plants. These molecules are absorbed by the human
body and transported to the cells as a source of energy. High levels of
these reducing sugars were reported in ﬂowers of M. sylvestris (Barros
et al., 2010a), ﬂower buds of R. ulmifolius (Barros et al., 2010e) and
leaves, stems and inﬂorescences of F. vulgare (Barros et al., 2010b). In
turn, the ﬂowering parts of M. pulegium (Fernandes et al., 2010), the
ﬂowering stems and leaves of M. sylvestris (Barros et al., 2010a) and the
inﬂorescences and leafy ﬂowering stems of H. stoechas (Barros et al.,
2010e) were those with the highest sucrose content (702–1872 mg/
100 g). Nevertheless, if considering the relative percentage of each
sugar, it is possible to verify that the sugars fraction of P. tridentatum, T.
communis, B. dioica and P. oleracea is mainly formed by fructose
(> 47%), while glucose predominates in F. vulgare, T. mastichina, M.
sylvestris and O. vulgare (> 50%). Despite low in sugars, sucrose was the
most abundant sugar molecule in B. oﬃcinalis (62%) and C.
J. Pinela et al. Food and Chemical Toxicology 110 (2017) 165–188
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ambrosioides (47%).
According to the Regulation (EU) No 1169/2011 of the European
Parliament and of the Council, the reference intakes for sugars is 90 g
for adults. A 100-g portion of the selected wild plants contributes to less
than 7.5% for the intake of these macronutrients. Sugars make up about
38% of the carbohydrates fraction of B. dioica and 30–31% of the car-
bohydrates fraction of the F. vulgare shoots and T. communis. The three
plants reported as a source of carbohydrates (M. sylvestris immature
fruits, T. pulegioides and O. vulgare) (Barros et al., 2011a, 2010a;
Fernandes et al., 2010) present only 3% of individual sugars in the
composition of these nutritional value indicator. This means that other
constituents (such as starch and polyols or dietary ﬁbre) are present in
greater quantity in this fraction (Smolin and Grosvenor, 2013). In fact,
when the dietary ﬁbre content is not analyzed, it is included in the
carbohydrates fraction that can be calculated by diﬀerence (AOAC,
2016). In this case, the result is expressed in total carbohydrates con-
tent. On the other hand, the result is expressed in available carbohy-
drates content when the dietary ﬁbre is not included.
3.3. Fatty acids
The relative percentage of palmitic (C16:0), oleic (C18:1n-9), lino-
leic (C18:2n-6) and α-linolenic (C18:3n-3) acids and of saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) in the selected edible wild species is presented in
Table 4. In many cases, the crude fat is composed by more than 90% of
these four fatty acids. C16:0 predominates in the midribs of basal leaves
of S. marianum (28.7%) (Morales et al., 2012b), in the bulb and pseu-
dostem of A. ampeloprasum (26.4%) (García-Herrera et al., 2014a;
Morales et al., 2012b) and in stems of F. vulgare (25.4%) (Barros et al.,
2010b). However, the higher levels of SFA (> 51%) were reported in B.
oﬃcinalis (Pereira et al., 2011), mainly due to the contribution of C16:0
(12%), C20:0 (11.9%) and C22:0 (12%). The relative percentage of
C18:1n-9 was reported to be particularly high in leaves and stems of G.
hederacea (35.1%) (Barros et al., 2011a), but also in the edible parts of
P. oleracea (12.4%) (Petropoulos et al., 2015) and T. pulegioides (11.4%)
(Fernandes et al., 2010). These species also show the highest MUFA
content (36.2, 15.1 and 12.8%, respectively).
Regarding PUFA, levels above 80% were reported in young shoots
with leaves of O. vulgare, in basal leaves of C. intybus, P. rhoeas, R.
pulcher, A. azurea and S. oleraceus, in aerial parts of N. oﬃcinale, and in
leaves of M. sylvestris (Barros et al., 2011a; Morales et al., 2012b;
Pereira et al., 2011). These species have the highest percentage of
C18:3n-3 (ranging from 60.5 to 68.4%; Table 4); except for S. oleraceus
where this fatty acid was not detected. In this plant, γ-linolenic acid
(C18:3n-6) was quantiﬁed as the most abundant one (66.3%) (Morales
et al., 2012b), which was also present in high amounts in B. oﬃcinalis
(10.9%) (Pereira et al., 2011). C18:3n-3 is precursor of the long-chain n-
3 PUFA eicosapentaenoic (C20:5n-3) and docosahexaenoic (C22:6n-3)
acids. However, humans have a limited capacity for the conversion of
C18:3n-3 to C20:5n-3 and C22:6n-3 (Baker et al., 2016). The PUFA
C18:2n-6 constitutes 40–∼54% of the crude fat of A. ampeloprasum, M.
sylvestris (immature fruits), A. acutifolius, T. communis and F. vulgare
(shoots) (Barros et al., 2010a, 2010b; García-Herrera et al., 2014a;
Martins et al., 2011; Morales et al., 2012b). The n-6 PUFA C18:2n-6 and
the n-3 PUFA C18:3n-3 are essential fatty acids that must be obtained
from dietary sources (Baker et al., 2016). A daily intake of 17/12 g of
C18:2n-6 and 1.6/1.1 g of C18:3n-3 is recommended for male/female
adults to prevent a number of diseases (Otten et al., 2006).
In general, the WEPs under review have a healthy fatty acids proﬁle,
with PUFA/SFA ratios higher than 0.45. Its inclusion in the human diet
may be beneﬁcial, since the intake of essential fatty acids have been
linked with optimal brain and vision function, reduction of cardiovas-
cular, inﬂammatory and autoimmune diseases, and cancer prevention
(Baker et al., 2016; Kaur et al., 2014; Simopoulos, 2002). These bene-
ﬁcial eﬀects may be related to diﬀerent mechanisms, including altera-
tion in cell membrane composition, gene expression or eicosanoid
production (Kaur et al., 2014).
Table 3
Composition in individual sugars (mg/100 g) of the selected WEPs. It is presented the mean value and, in parentheses, the range of variability of the literature data.
Plant species (Epa) Fructose Glucose Sucrose Total sugars Reference
A. acutifolius 384 (363–404) 305 (299–311) 658 (639–676) 1423 (1380–1466) Martins et al. (2011)
B. oﬃcinalis 18 (15–22) 76 (68–84) 200 (183–217) 324 (302–345) Pereira et al. (2011)
B. dioica 590 (576–604) 508 (493–523) 98 (93–100) 1248 (1216–1281) Martins et al. (2011)
C. ambrosioides 66 (64–69) 126 (123–129) 392 (359–425) 833 (813–852) Barros et al. (2013)
F. vulgare (Ep2) 1510 (1450–1570) 4710 (4560–4860) 350 (290–410) 6570 (6400–6740) Barros et al. (2010b)
F. vulgare (Ep3) 490 (440–540) 760 (640–880) 40 (39–41) 1290 (1090–1490) Barros et al. (2010b)
F. vulgare (Ep4) 1490 (1450–1530) 3430 (3230–3630) nd 4920 (4690–5150) Barros et al. (2010b)
F. vulgare (Ep5) 1100 (1060–1140) 2940 (2830–3050) 30 (29–31) 4070 (3910–4230) Barros et al. (2010b)
G. hederacea 150 (140–160) 80 (60–100) 400 (340–460) 1040 (970–1110) Barros et al. (2011b)
H. stoechas 389 (374–404) 225 (217–233) 702 (668–736) 1476 (1449–1503) Barros et al. (2010e)
M. sylvestris (Ep1) 431 (377–486) 747 (645–848) 941 (934–948) 2752 (2631–2872) Barros et al. (2010a)
M. sylvestris (Ep2) 2399 (2360–2437) 2025 (1987–2061) 680 (666–693) 5508 (5436–5579) Barros et al. (2010a)
M. sylvestris (Ep3) 218 (201–234) 827 (789–865) 60 (44–76) 1251 (1197–1306) Barros et al. (2010a)
M. sylvestris (Ep4) 803 (762–844) 1078 (1037–1119) 750 (728–773) 3336 (3225–3447) Barros et al. (2010a)
M. pulegium 969 (924–1013) 1366 (1277–1455) 1872 (1759–1986) 4576 (4329–4823) Fernandes et al. (2010)
M. fontana 36 (28–44) 48 (47–49) 21 (19–23) 137 (121–152) Pereira et al. (2011)
N. oﬃcinale 85 (59–113) 63 (50–72) 45 (18–79) 206 (192–228) Pereira et al. (2011), Pinela et al. (2016a)
O. vulgare 190 (180–200) 580 (570–590) 300 (299–301) 1120 (1100–1140) Barros et al. (2011b)
P. oleracea 259 (118–352) 86 (52–138) 151 (75–271) 549 (293–785) Petropoulos et al. (2015)
P. tridentatum 1368 (1325–1411) 466 (447–486) 227 (216–239) 2066 (2031–2101) Pinela et al. (2011)
R. ulmifolius (Ep1) 1692 (1677–1707) 1885 (1870–1900) 432 (427–437) 4487 (4477–4497) Barros et al. (2010e)
R. ulmifolius (Ep2) 284 (248–320) 382 (349–414) 229 (204–255) 1032 (931–1133) Barros et al. (2010e)
R. acetosella 65 (65–66) 80 (79–81) 23 (15–31) 250 (229–271) Pereira et al. (2011)
R. induratus 283 (157–418) 254 (103–402) 94 (62–151) 697 (452–945) Pereira et al. (2011), Pinela et al. (2016c)
T. communis 640 (618–661) 301 (277–324) 116 (108–124) 1279 (1258–1301) Martins et al. (2011)
T. mastichina 450 (440–460) 970 (860–1080) 20 (19–21) 1440 (1330–1550) Barros et al. (2011b)
T. pulegioides 115 (115–116) 173 (157–188) 555 (544–565) 1251 (1183–1319) Fernandes et al. (2010)
Some values were converted from a dry weight basis or other units.
nd: not detected.
a Edible part (Ep) described in Table 1.
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3.4. Mineral elements
Minerals are essential nutrients for the proper functioning of the
human body (Gupta and Gupta, 2014; Otten et al., 2006; Quintaes and
Diez-Garcia, 2015). They can be grouped into macrominerals (needed
in higher amounts by the human body, such as sodium (Na), potassium
(K), calcium (Ca) and magnesium (Mg)) and trace elements (required in
lower amounts, such as copper (Cu), iron (Fe), manganese (Mn) and
zinc (Zn)). The composition in macrominerals and trace elements of the
selected WEPs is presented in Table 5. The range of Na in the selected
edible plants is between 12 mg/100 g of edible portion in N. oﬃcinale
(Souci et al., 2008) and 244 mg/100 g in the young stems with leaves of
Apium nodiﬂorum (García Herrera, 2014), while that of K is between
165 mg/100 g in the last plant and 1223 mg/100 g in the basal leaves of
B. maritima (García Herrera, 2014; Guil-Guerrero et al., 1999). In fact,
only A. nodiﬂorum stood out as a source of Na (a 100-g portion con-
tributes in 16.3% for the RDA; Table A1). The contribution of all other
plants (except for B. maritima) is lower than 9%. Besides B. maritima,
the edible parts of S. hispanicus, S. vulgaris, C. juncea, S. marianum, P.
rhoeas are also sources of K, with levels exceeding 711 mg/100 g
(García-Herrera et al., 2014b; García Herrera, 2014; Guil-Guerrero
et al., 1999; Ranfa et al., 2014; Renna et al., 2015; Trichopoulou et al.,
2000). The RDA for K is 4700 mg/day for individuals with 14 or more
years old (Otten et al., 2006). This nutrient is easily absorbed by the
body and essential to the cells. Its deﬁciency, despite uncommon, can
cause muscle weakness, cardiac arrhythmias, high blood pressure (hy-
pertension) and risk of cardiovascular diseases (Stein, 2010).
Ca is the most abundant element in the human body. It promotes the
bone health, reduces the risk of osteoporosis and helps to prevent
cardiovascular diseases (Gupta and Gupta, 2014). Eleven wild plant
parts were found to be interesting sources of Ca (which 100-g portion
provides more than 15% of the RDA for adults; Table A1), namely the
basal leaves of C. juncea, B. oﬃcinalis, P. rhoeas, A. azurea and S. oler-
aceus, the midribs of basal leaves of S. hispanicus, the leaves of M. syl-
vestris and P. oleracea, the aerial parts of N. oﬃcinale, and the young
stems with leaves of F. vulgare and A. nodiﬂorum (Bianco et al., 1998;
García-Herrera et al., 2014b; García Herrera, 2014; Guil-Guerrero et al.,
1999; Petropoulos et al., 2015; Ranfa et al., 2014; Renna et al., 2015;
Souci et al., 2008; Trichopoulou et al., 2000). These wild plants are
traditionally consumed raw in salads, cooked or sautéed (Table 1).
Mg is the fourth most abundant cation in the body and plays an
important role in many physiological processes (Swaminathan, 2003).
The leaves of M. sylvestris and P. oleracea present the highest levels of
Mg (283 and 143 mg/100 g, respectively; Table 5) (Bianco et al., 1998;
Guil-Guerrero et al., 1999; Petropoulos et al., 2015). A 100-g portion of
these vegetables provides about 67/88% and 34/45% of the RDA of Mg
established for male/female adults, respectively (Table A1). The edible
parts of S. hispanicus, B. maritima, S. vulgaris and C. juncea also arise as
sources of this macromineral, with amounts between 53 and 94 mg/
100 g (García-Herrera et al., 2014b; García Herrera, 2014; Guil-
Guerrero et al., 1999; Ranfa et al., 2014).
The basal leaves of C. juncea and P. rhoeas and the leaves of P.
oleracea present a high content of Cu (ranging from 0.27 mg/100 g in P.
oleracea to 0.43 mg/100 g in C. juncea) (Table 5) (Bianco et al., 1998;
García-Herrera et al., 2014b; García Herrera, 2014; Guil-Guerrero et al.,
1999; Petropoulos et al., 2015; Ranfa et al., 2014; Renna et al., 2015;
Trichopoulou et al., 2000). Its contribution for the RDA of 900 μg/day
established for Cu was higher than 30% (Table A1). The edible parts of
M. sylvestris (leaves), B. maritima, B. dioica, A. acutifolius, T. obovatum
and H. lupulus were also interesting dietary sources of this trace element
(Bianco et al., 1998; García-Herrera et al., 2014b; García Herrera, 2014;
Guil-Guerrero et al., 1999). Regarding Fe, a 100-g portion of basal
leaves of P. rhoeas, C. juncea, T. obovatum and B. oﬃcinalis and of M.
sylvestris leaves is enough to provide more than 30% of the RDA for
male adults (8 mg/day), but only the ﬁrst plant provides the same RDA
for female adults (18 mg/day). As shown in Table A1, other plants can
be interesting sources of Fe. A deﬁciency in Fe can cause anaemia
(Quintaes and Diez-Garcia, 2015). Additionally, its levels can be de-
creased in some tissues by a deﬁciency in dietary Cu, once Cu integrates
enzymes involved in its absorption and metabolism (Gupta and Gupta,
2014; Quintaes and Diez-Garcia, 2015).
Mn is a trace element required for blood sugar regulation and a
healthy immune system (Gupta and Gupta, 2014). Among the plants
under review, the higher levels of Mn are presented by the basal leaves
of B. oﬃcinalis, C. juncea, B. maritima and R. papillaris, the aerial parts of
M. fontana, and by the tender stems with leaves of S. vulgaris (Table 5)
(García-Herrera et al., 2014b; García Herrera, 2014; Guil-Guerrero
et al., 1999; Ranfa et al., 2014; Renna et al., 2015; Tardío et al., 2011).
The highest contribution for the RDA of Mn (∼70/90% for male/fe-
male adults) is provided by B. oﬃcinalis, whose content reaches 1.62
mg/100 g (Renna et al., 2015). As shown in Table A1, other plants arise
as interesting sources of this trace element (RDA > 15%). The RDA of
Zn was calculated in 11 and 8 mg/day for male and female adults with
19 or more years old, respectively (Otten et al., 2006). This micro-
nutrient is essential for cell division and critical in wound healing
(Gupta and Gupta, 2014). The basal leaves of C. juncea and P. rhoeas
and the leaves of M. sylvestris present the highest Zn contents (Bianco
et al., 1998; García-Herrera et al., 2014b; García Herrera, 2014; Guil-
Guerrero et al., 1999; Ranfa et al., 2014; Renna et al., 2015;
Trichopoulou et al., 2000). However, its contribution to the RDA for
this trace element was higher than 15% just for female adults (Table
A1). In general, the edible plants under review are not good sources of
Zn.
It is interesting to note that any 100-g portion of the diﬀerent edible
plants exceeds the tolerable upper intake levels (UL) for minerals. In
fact, an excessive intake of certain minerals can be toxic and cause
health problems (Otten et al., 2006; Stein, 2010).
3.5. Vitamins
Vitamins are micronutrients involved in various physiological pro-
cesses and most of them must be acquired through dietary sources. In
general, plants are interesting sources of hydrophilic vitamins.
However, the content in lipophilic vitamins may be low, since these
micronutrients are associated to the lipid fraction of the tissues and
plants are fat-poor foods (Sánchez-Mata and Tardío, 2016). Table 6
presents the composition in hydrophilic (vitamin B9 and vitamin C) and
lipophilic (vitamins E) vitamins of the selected WEPs. There are several
wild edible species whose vitamin B9 (total folates/folic acid) content
remains unknown. R. pulcher appears at the top of the table with the
highest total folates content 506.5 μg/100 g (Morales et al., 2015), a
leafy vegetable whose 100-g portion provides ∼127% of the RDA for
adults (Table A1). Other 12 plants stand out for their high content and 4
plants as a source of this vitamin. A 100-g portion of basal leaves of B.
maritima, A. azurea and C. intybus and of young shoots (sometimes with
leaves) of F. vulgare, S. vulgaris and A. acutifolius provides more than
50% of the RDA of vitamin B9 (Table A1). However, the total folate
content in plant foods decreases during boiling; and this should be
taken into account as some of these species are cooked before con-
sumption (Table 1). In these species (vascular plants), methyl and
formyl folates are the predominant ones. The methyl folate derivatives
arise in the soluble fraction (vacuoles and cytosol), while the major
fraction of the formyl derivatives is found in cellular organelles (Saini
et al., 2016). After ingestion, dietary folates have to be cleaved from
protein carriers and polyglutamate hydrolyzed to monoglutamates in
order to be absorbed in the intestine. Folates are essential for various
physiological and developmental functions in the human body (Saini
et al., 2016). They are critical for the embryonic development (Kim
et al., 2009) and inadequate intakes may result in higher risk of certain
cancers (Mason and Tang, 2016). Therefore, since humans cannot
synthesize this vitamin, its intake needs to be ensured from dietary
sources. In addition, the UL for folates (1000 μg/day for individuals
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with 19 or more years old) is only applied to the synthetic forms ob-
tained from dietary supplements and/or fortiﬁed foods (Otten et al.,
2006).
Vitamin C is mainly ingested as ascorbic acid (the major form in
plants) but also as dehydroascorbic acid (oxidized form). The four
Polygonaceae species R. ulmifolius (Barros et al., 2010e; Pereira et al.,
2013), R. induratus (Pereira et al., 2011; Pinela et al., 2016c), R. acet-
osella (Pereira et al., 2013, 2011) and R. papillaris (Morales et al., 2014;
Sánchez-Mata et al., 2012), the wild asparagus T. communis and A.
acutifolius (Martins et al., 2011; Pereira et al., 2013; Sánchez-Mata
et al., 2012), P. oleracea (Petropoulos et al., 2016, 2015), H. stoechas
(Barros et al., 2010e; Pereira et al., 2013) and M. sylvestris ﬂowers
(Barros et al., 2010a) were reported as having a high content of ascorbic
acid (Table 6). Based on the mean values of this vitamin, it is possible to
conclude that a 100-g portion of these WEPs is suﬃcient to provide
more than 30% of the RDA of vitamin C for male and/or female in-
dividuals with 19 or more years old (Table A1). However, the ascorbic
acid values described for some of the species present a high range,
which may be related, in part, to the analytical method used. In fact,
while some authors (Barros et al., 2013; Morales et al., 2014; Pereira
et al., 2013; Pinela et al., 2016a, 2016c; Sánchez-Mata et al., 2012;
Tardío et al., 2011) have analyzed the ascorbic acid by high-perfor-
mance liquid chromatography (HPLC) or ultra-fast liquid chromato-
graphy (UFLC), others have used spectrophotometric assays (2,6-di-
chloroindophenol titrimetric method) (Barros et al., 2010a, 2010d,
2010e, 2009; Martins et al., 2011; Pereira et al., 2011; Pinela et al.,
2011).
With average values between 12.79 and 22.02 mg/100 g of ascorbic
acid, S. vulgaris, R. pulcher (Sánchez-Mata et al., 2012), P. tridentatum
(Pinela et al., 2011), M. fontana (Pereira et al., 2011; Tardío et al.,
2011), M. sylvestris immature fruits (Barros et al., 2010a), F. vulgare
shoots (Barros et al., 2009) and young shoots with leaves (Sánchez-
Mata et al., 2012), P. rhoeas (Morales et al., 2014; Sánchez-Mata et al.,
2012), B. dioica (Martins et al., 2011; Pereira et al., 2013; Sánchez-Mata
et al., 2012) and H. lupulus (Sánchez-Mata et al., 2012) stand out as a
source of this vitamin (a 100-g portion provides more than 15% of the
RDA; Table A1). Despite the high mean vales of ascorbic acid in R.
induratus (51.69 mg/100 g), R. ulmifolius (30.30 mg/100 g), H. stoechas
(30.27 mg/100 g), P. tridentatum (15.68 mg/100 g) and M. fontana
(15.43 mg/100 g) (Table 6), this vitamin was not detected or detected
in small quantity by some authors (Pereira et al., 2013; Pinela et al.,
2016c) in some of the samples.
Ascorbic acid has the ability to scavenge aqueous radicals and re-
generate other antioxidants from their radical form (Lee et al., 2004;
Niki, 2014; Niki et al., 1995). This powerful hydrophilic antioxidant
can be oxidized to dehydroascorbic acid due to its involvement in the
oxidative stress and then regenerated to its reduced form (Niki et al.,
1995). It also facilitates the absorption of soluble non-heme Fe (Otten
et al., 2006). Ascorbic acid can, however, behave as a prooxidant (Carr
and Frei, 1999). It is also important to note that this vitamin is greatly
aﬀected by processing (Ottaway, 2010; Vinha et al., 2015). A study of
Vinha et al. (2015) demonstrated that boiling N. oﬃcinale for 10 min
promotes a signiﬁcant loss of vitamin C and antioxidant activity.
However, the phenolics content was preserved.
The amounts of α-tocopherol and total tocopherols reported in the
selected WEPs are presented in Table 6. A 100 g-portion of C. am-
brosioides, H. stoechas, M. sylvestris leaves, and of the two Lamiaceae G.
hederacea and M. pulegium provide more than 100% of the RDA estab-
lished for vitamin E (15 mg/day for individuals with 14 or more years
old (Otten et al., 2006)) (Table A1). The dietary reference intakes for
vitamin E are calculated based on the amounts of α-tocopherol (in-
cluding the RRR-α-tocopherol that occurs naturally in foods and the 2R-
stereoisomeric forms of α-tocopherol that occur in fortiﬁed foods and
supplements) (Otten et al., 2006). Very high levels of α-tocopherol
(71.59–75.47 mg/100 g) were reported in G. hederacea (Barros et al.,
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content. Leaves of this perennial medicinal plant are recommended to
the respiratory and gastrointestinal systems. Infusions prepared from
the dried plant are useful for relieving colds, coughs, throat irritations
and abdominal pains. Decoctions of the leaves are used for external
inﬂammations and skin diseases (Table 1) due to its claimed anti-in-
ﬂammatory and antiseptic properties (Carvalho, 2010). A high content
was also reported in P. oleracea (Petropoulos et al., 2016), A. acutifolius
(García-Herrera et al., 2014a, 2013), T. pulegioides (Fernandes et al.,
2010), M. sylvestris leafy ﬂowering stems (Barros et al., 2010a), R.
acetosella (Pereira et al., 2011), R. induratus (Pereira et al., 2011; Pinela
et al., 2016c) and O. vulgare (Barros et al., 2010d). A 100-g portion of
these plants contributes in more than 30% for the RDA of vitamin E.
Other plants stand out as a source of these lipophilic antioxidants. With
lower levels, but still being interesting sources of this lipophilic vi-
tamin, arise the ﬂowering parts of M. sylvestris (Barros et al., 2010a), P.
tridentatum (Pinela et al., 2011) and R. ulmifolius (Barros et al., 2010e),
and the wild asparagus B. dioica and T. communis (Martins et al., 2011;
Morales et al., 2012a).
Apart from α-tocopherol, the isoforms β, γ, δ can also be detected in
plant species. The isoform α comprises less than 30% of the total
fraction of tocopherols in F. vulgare stems, S. marianum and T. masti-
china. γ-Tocopherol was detected as the major vitamer in the last plant
(1.70 mg/100 g) (Barros et al., 2010d) and also in C. intybus (1.88 mg/
100 g) (Morales et al., 2014). In the North-eastern region of Portugal, T.
mastichina is used as condiment/spice for ﬂavouring and seasoning
traditional dishes and salads. It is also used to preserve olives and as a
salt substituent (Table 1).
Tocopherols are amphipathic molecules in which the hydrophobic
phytyl side chain is embedded within the cell membrane bilayer and the
polar chromanol head is exposed to the membrane surface. This in-
genious arrangement facilitates the regeneration of α-tocopherol from
the radical form (α-tocopheroxyl radical) by the ascorbic acid and other
hydrophilic reducing agents (Lee et al., 2004). These strong anti-
oxidants halt the lipid peroxidation chain reaction through donation of
the chromanol ring phenolic hydrogen, thus maintain the integrity of
the long-chain PUFA of the cell membranes (Niki, 2014). These anti-
oxidants are involved in the non-enzymatic plant protection mechanism
against the abiotic stress-induced oxidative damage, being synthesized
in response to these adverse conditions (Abbasi et al., 2007; Pinela
et al., 2016a). In humans, vitamin E plays a vital role in the ﬁght against
various diseases and health conditions such as oxidative stress, in-
ﬂammatory and degenerative processes, cardiovascular disease and
diﬀerent types of cancer, mainly due to its antioxidant capacity (Galli
et al., 2017; Niki, 2014). The involvement of physiological metabolites
of vitamin E in gene regulation and homeostasis in experimental models
of inﬂammatory, neuronal and hepatic cells, and in vivo in animal
models of acute inﬂammation has been demonstrated (Galli et al.,
2017). The UL for vitamin E (1000 mg/day for adults with 19 or more
years old) is only applied to the synthetic forms obtained from dietary
supplements and/or fortiﬁed foods (Otten et al., 2006).
The inclusion of WEPs in human contemporary diets can be seen as
a strategy to help achieving adequate intake levels of vitamin B9, vi-
tamin C and vitamin E.
4. Bioactive non-nutrients
Phenolic compounds are secondary metabolites synthesized via
shikimate-phenylpropanoids-ﬂavonoids pathways. They can be
grouped in diﬀerent classes according to their basic skeleton, including
phenolic acids (C6-C1), hydroxycinnamic acids and coumarins (C6-C2),
naphthoquinones (C6-C4), xanthones (C6-C1-C6), stilbenes and anthra-
quinones (C6-C2-C6), ﬂavonoids and isoﬂavonoides (C6-C3-C6), lignans
(C6-C3)2), biﬂavonoids (C6-C3-C6)2), lignins (C6-C3)n) and condensed
tannins (C6-C3-C6)n) (Vermerris and Nicholson, 2008a). In plants, these
compounds are involved in growth, reproduction and defence against
ultraviolet radiation or pathogens (Pandey and Rizvi, 2009). The
interest of phenolic compounds comes from its health-promoting eﬀects
in humans that are conferred by antioxidant, anti-inﬂammatory, anti-
tumor and antimicrobial properties, among other eﬀects (Vermerris and
Nicholson, 2008b). Therefore, these bioactive molecules aﬀect the nu-
tritional quality of foods (Smolin and Grosvenor, 2013) since they make
the food to be functional.
The content in total phenolics and ﬂavonoids of the selected WEPs is
presented in Table 6. The fully opened ﬂowers of R. ulmifolius (Fig. 1)
revealed the highest levels of total phenolics (715.94 mg GAE/g ex-
tract) and ﬂavonoids (624.76 mg CE/g extract) (Barros et al., 2010e).
High levels of phenolics (> 300 mg GAE/g extract) were also measured
in extracts prepared from the ﬂowering parts of P. tridentatum (Pinela
et al., 2011), O. vulgare (Barros et al., 2010d), M. pulegium (Fernandes
et al., 2010), M. sylvestris (Barros et al., 2010a), young shots of T.
communis and A. acutifolius (Martins et al., 2011; Morales et al., 2012a),
and leaves of M. sylvestris (Barros et al., 2010a). High levels of ﬂavo-
noids (> 128 mg GAE/g extract) were reported in the ﬂowering parts of
R. ulmifolius (Barros et al., 2010e), O. vulgare (Barros et al., 2010d), M.
pulegium, T. pulegioides (Fernandes et al., 2010) and M. sylvestris (Barros
et al., 2010a). A high content (210.81 mg GAE/g extract) was also
detected in the leaves of the last plant. In turn, the lowest amounts of
total phenolics (< 13 mg GAE/g extract) were detected in extracts of
the midribs of basal leaves of S. marianum (Morales et al., 2014), bulb
and pseudostem of A. ampeloprasum (García-Herrera et al., 2014a,
2013), inﬂorescence and upper leaves of C. ambrosioides (Barros et al.,
2013), stems of F. vulgare (Barros et al., 2009) and leaves of P. oleracea
(Petropoulos et al., 2015).
The Folin-Ciocalteu method is commonly used to measure the total
phenolic content of plant matrices. This analysis is based on the for-
mation of a blue-coloured complex between molybdenum and tungsten
present in the Folin-Ciocalteu's phenol reagent upon reaction with re-
ducing agents, which is measured spectrophotometrically at 765 nm. As
presented in Table 6, the results were expressed by the authors in mg of
gallic acid equivalents (GAE) per g of extract. The aluminium chloride
colorimetric method is a simple way to measure the total ﬂavonoid
content. This assay is based on the formation of a ﬂavonoid-aluminium
complex that absorbs at 510 nm. The results for total ﬂavonoids were
expressed in mg of catechin equivalents (CE) per g of extract. However,
advanced chromatographic and spectrometric techniques are used to
identify and quantify individual phenolic compound. The phenolic
proﬁle of C. ambrosioides was characterized by Barros et al. (2013)
using an HPLC system coupled to a diode array detector (DAD). Double
online detection was carried out in the DAD and in a mass spectrometer
(MS) connected to the HPLC system via the DAD cell outlet. It was
found that ﬂavonoids (768.27 mg/100 g of dry weight) predominate
over phenolic acids (54.07 mg/100 g of dry weight) in this plant.
Quercetin-3-O-rutinoside, kaempferol dirhamnoside-O-pentoside and
kaempferol 3-O-rutinoside were identiﬁed as the most abundant phe-
nolic compounds in this plant (Barros et al., 2013).
Due to the health-promoting eﬀects and high potential of phenolic
compounds as nutraceuticals, phenolic-rich extracts have been in-
corporated in diﬀerent food and cosmeceutical formulations. Martins
et al. (2014) developed a new yogurt with a high antioxidant activity
through the incorporation of free and microencapsulated extracts of R.
ulmifolius ﬂower buds. The phenolic extract was rich in ellagitannin
derivatives, namely a sanguiin H-10 isomer and lambertianin C. In
another study, yogurt and cottage cheese were functionalized by the
incorporation of an extract of F. vulgare aerial parts (Caleja et al.,
2016a, 2016b, 2015) rich in phenolic acids and ﬂavonoids (mostly 5-O-
caﬀeolyquinic acid and quercetin-3-O-glucuronide, respectively), which
conferred bioactive properties to these food products. The antioxidant
potential of H. stoechas phenolic compounds was explored for cosmetic
applications (Barroso et al., 2014). The authors successfully in-
corporated polycaprolactone-based microspheres containing the H.
stoechas extract rich in 3,5-O-dicaﬀeoylquinic acid and myricetin O-
acetylhexoside into a moisturizer. These studies open new perspectives
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for the exploitation of wild plants as interesting sources of bioactive/
nutraceutical ingredients with applications in the food and cosmeceu-
tical industries.
5. Antinutritional and potentially toxic compounds
5.1. Oxalic acid
In nature, oxalic acid occurs commonly as a water-soluble (Na and
K) or water-insoluble (Ca, Mg, Fe and Zn) salt. This compound has a
quite low toxicity, but it can reduce the bioavailability of dietary Ca by
the formation of an insoluble complex of calcium oxalate (Kristanc and
Kreft, 2016a). Known as raphides in plants, this calcium salt is the
primary constituent of the most common kind of human kidney stones
(Amalraj and Pius, 2015). For this reason, the ingestion of foods with
high levels of this antinutritional compound is not desirable. Some
authors (Guil et al., 1996) recommend an oxalic acid/Ca ratio not
higher than 2.5 to avoid this negative eﬀect. Among the selected plants,
this limit is greatly exceeded by M. fontana (∼11.8) but also by other
species, namely B. maritima, C. ambrosioides, S. marianum, R. pulcher, A.
nodiﬂorum, A. acutifolius, S. oleraceus, P. oleracea, N. oﬃcinale and R.
papillaris (Fig. 2 and Table A2).
Oxalic acid levels ranging from 0.7 mg/100 g in R. induratus (Pinela
et al., 2016c) to 1545 mg/100 g in C. ambrosioides (Barros et al., 2013)
have been reported (Fig. 3 and Table A2). Therefore, the consumption
of 324 mg of C. ambrosioides can provide the amount of oxalic acid (5 g)
set as the minimal lethal dose for an adult (a level diﬃcult to reach
through the diet). However, it should be noted that the bioavailability
of ingested oxalate is estimated to be less than 15% and is inﬂuenced by
a number of food composition and physiological related factors
(Brogren and Savage, 2003; Kristanc and Kreft, 2016a; Liebman and Al-
Wahsh, 2011).
Wild plants of the genus Oxalis, Rumex, Amaranthus and
Chenopodium have been referred as having signiﬁcant levels of oxalic
acid (Guil et al., 1996; Vizgirdas and Rey-Vizgirdas, 2006). Amounts
between 137 and 256 mg/100 g were described for R. pulcher, R. pa-
pillaris (Morales et al., 2014; Sánchez-Mata et al., 2012) and R. acet-
osella (Pereira et al., 2013); but a small amount of 0.7 mg/100 g was
reported in tender leaves of R. induratus (Pinela et al., 2016c). Con-
trariwise, a high content in oxalic acid was found by Guerra et al.
(2008) in an aqueous extract of the same plant. The authors also ver-
iﬁed that the oxalic acid content vary depending on the development
stage of the plant and environmental conditions. In another study, it
was demonstrated that the harvest time and the nitrate to ammonium
ratios aﬀect the oxalic acid content in hydroponically grown P. oleracea
plants (Palaniswamy et al., 2004). Levels ranging from 371 to 753 mg/
100 g were reported by Petropoulos et al. (2015) in this plant. These
observations can also be deduced from the range of values reported for
oxalic acid in S. hispanicus, T. obovatum, T. communis, S. marianum, A.
ampeloprasum, C. juncea and R. pulcher (Fig. 3 and Table A1), in which
the variation exceeds 100%.
So far, it is not clearly known whether the oxalic acid is harmful by
itself or only when it is in the form of calcium oxalate (Kristanc and
Kreft, 2016a). Despite this, people who easily form kidney stones
should give preference to plant foods with a low oxalic acid content,
like the basal leaves of C. intybus, T. obovatum and C. juncea (Morales
et al., 2014; Sánchez-Mata et al., 2012), the wild asparagus T. com-
munis, H. lupulus and B. dioica (Pereira et al., 2013; Sánchez-Mata et al.,
2012), the bulb and pseudostem of A. ampeloprasum (García-Herrera
et al., 2014a; Sánchez-Mata et al., 2012), or the ﬂowering parts of M.
sylvestris and P. tridentatum (Barros et al., 2013; Pereira et al., 2013),
which provide less than 70 mg/100 g of oxalic acid (Table 7) and have
an oxalic acid/Ca ration lower than 2.5 (Fig. 2).
5.2. Pyrrolizidine and pyrrolidine alkaloids
Pyrrolizidine alkaloids are of special concern to human health. More
than 660 compounds have been identiﬁed in more than 6000 plant
Fig. 2. Oxalic acid/Ca ratios of the selected WEPs. The values above the dashed line are greater than 2.5. Ep1 for all plant parts except for M. sylvestris (Ep4). For C. ambrosioides, the
oxalic acid/Ca ratio was calculated based on the Ca levels of the USDA tables. The represented values are shown in Table A2.
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species worldwide, belonging mainly to the families Asteraceae,
Boraginaceae, Fabaceae (tribe Crotalarieae) and Orchidaceae. Roughly
half of these compounds exhibit chronic toxicity (Chen et al., 2010;
Kristanc and Kreft, 2016b; Smith and Culvenor, 1981). Curiously,
species containing these alkaloids are probably the most common poi-
sonous plants aﬀecting livestock and wildlife (Chen et al., 2010).
Structurally, pyrrolizidine alkaloids are ester alkaloids composed of
necine (two fused ﬁve-membered rings joined by a single nitrogen
atom) and necic acid (one or two carboxylic ester arms). The toxic ones
are esters of unsaturated necines having a 1,2-double bond in their base
moiety. These compounds are well known for their hepatotoxic eﬀects,
but many of them are often pneumotoxic, genotoxic and carcinogenic
(EFSA, 2011; Kristanc and Kreft, 2016b; Roeder, 1999). Although
pyrrolizidine alkaloids themselves show a relatively low acute toxicity,
they undergo a toxication process in the liver, which is the ﬁrst organ to
be aﬀected. First, after absorption, a hydroxyl group is introduced in
the necine at positions 3 or 8 by cytochrome P450 enzymes in the liver,
originating unstable compounds that undergo a rapid dehydration
process, resulting in a second double-bond in the necine followed by
spontaneous rearrangement to an aromatic pyrrole system (Wiedenfeld,
2011). Acute poisoning by pyrrolizidine alkaloids causes haemorrhagic
necrosis, hepatomegaly and ascites. The subacute toxicity is char-
acterised by occlusion of the hepatic veins and subsequent necrosis,
ﬁbrosis and liver cirrhosis. Hence, death is caused by liver failure. As
shown in Table 7, pyrrolizidine alkaloids can be found in A. azurea
(namely lycopsamine, laburnine (Fig. 4) and acetyllaburnine) (EFSA,
2009; Roeder, 1999) and B. oﬃcinalis seed oil (namely the hepatotoxic
amabiline) (Dodson and Stermitz, 1986; EFSA, 2009; EMA, 2014;
Vacillotto et al., 2013; Wretensjö and Karlberg, 2003). Both species are
listed in the “compendium of botanicals reported to contain naturally oc-
curring substances of possible concern for human health when used in food
and food supplements” of the European Food Safety Authority (EFSA,
2009).
Pyrrolidine alkaloids linked with a tropane-like skeleton (namely
hederacines A and B, showed in Fig. 4) were already isolated from G.
hederacea aerial parts and revealed prominent toxicity in the brine
shrimp lethality bioassay (Kumarasamy et al., 2003).
Fig. 3. Oxalic acid levels (mg/100 g) reported in the se-
lected WEPs. It is presented the mean value (dark bar) and
the minimum and maximum values reported in the litera-
ture. The represented values are shown in Table A2.
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5.3. Brydioﬁn and cucurbitacins
In Portugal and Spain, the crushed fruits of B. dioica are applied
topically to mitigate rheumatic symptoms (Aceituno-Mata, 2010;
Carvalho, 2010). However, Muñoz et al. (1992) identiﬁed a toxic pro-
tein called brydioﬁn in that fruits (Table 7) and veriﬁed that their ex-
tract have a highly toxic eﬀect after intraperitoneal injection of 0.4 mg
per Balb/c mouse that was killed in 18 min (Muñoz et al., 1992). This
lethal eﬀect was not presented by the root and leaf extracts. However,
diﬀerent cucurbitacins can be found in the root of this plant (Table 7),
part that is not consumed as food. Cucurbitacins are highly toxic and
bitter compounds that can be isolated from about 100 species of Cu-
curbitaceae, being also found in plants belonging to the families Scro-
phulariaceae, Begoniaceae, Primulaceae, Liliaceae, Tropaeolaceae and
Rosaceae (Gry et al., 2006; Kaushik et al., 2015). Due to the selection of
non-bitter plants for food use made by our ancestors and later by plant
breeders, the cucurbits currently consumed generally do not synthesize
these compounds. Structurally, cucurbitacins are tetracyclic triterpenes
with a cucurbitane skeleton and diﬀer from most other tetracyclic tri-
terpenes because they are highly unsaturated and contain many keto,
hydroxy and acetoxy groups (Chen et al., 2005; Gry et al., 2006). A
chronic exposure to these compounds is not expected in humans given
their extremely bitter and disagreeable taste and the accidental occur-
rence in plant foods (Gry et al., 2006). For cucurbitacins D (Fig. 4) and
I, the oral LD50 in mice is ∼5 mg/kg body weight; for cucurbitacin E
and cucurbitacin E glycoside, which are the most common cucurbita-
cins identiﬁed in food plants, the oral LD50 values in mice are 340 and
40 mg/kg body weight, respectively (Gry et al., 2006). Animal studies
have shown that exposure to cucurbitacin D promotes increased ca-
pillary permeability, irritation of the intestinal mucosa, and increased
intestinal mobility. The animal's death is caused by congestion of the
intestine, pancreas, liver and kidneys. In humans, mucosal irritation
occurs within minutes of ingestion of cucurbitacin-containing pre-
parations (Gry et al., 2006).
Although highly toxic, cucurbitacins began to attract much interest
in the 1960s for their immense pharmacological potential (Chen et al.,
2012). Using a long array of in vitro and in vivo cancer cell models, it has
been shown that certain natural cucurbitacins and their derivatives
have anti-proliferative and pro-apoptotic eﬀects (with no toxicity to
non-tumour tissues), being therefore recognized as promising antitumor
compounds for several types of cancer (Kaushik et al., 2015; Marostica
et al., 2017; Sinha et al., 2016).
5.4. Saponins
Saponins are a diverse group of secondary metabolites characterized
by a structure containing a triterpene or steroid aglycone called sapo-
genin and one or more sugar chains (Güçlü-Üstündağ and Mazza, 2007;
Podolak et al., 2010), which have already been identiﬁed in more than
100 plant families. The consumption of saponin-containing plant foods
may be associated with beneﬁcial and adverse eﬀects. Saponins can act
as antinutrients and, in some cases, reduce the consumption of some
foods because of their bitter taste (Muzquiz et al., 2012). All legumes
have triterpene-type saponins (Muzquiz et al., 2012). In fact, while
triterpenoid saponins are mainly found in Magnoliopsida (former di-
cotyledons), steroidal saponins are more abundant in Liliopsida (former
Table 7
Potentially toxic compounds that can be found in WEPs.
Plant species Part of possible
concern
Potentially toxic compound References
A. azurea Unspeciﬁed parts Pyrrolizidine alkaloids: lycopsamine, laburnine and acetyllaburnine EFSA (2009), Roeder (1999)
Seeds (oil) – EFSA (2009), Roeder (1999), Vacillotto et al. (2013)
B. oﬃcinalis Seeds (oil) Pyrrolizidine alkaloid: amabiline EFSA (2009), EMA (2014), Vacillotto et al. (2013)
B. dioica Root Cucurbitacins B, D, E, I, J, K, L and S; cucurbitacin glycosides:
bryodulcoside, bryoside and bryonoside; cucurbitacin saponins: brydioside
A, B and C; dihydrocucurbitacins B and E; tetrahydrocucurbitacin I
Chen et al. (2005), EFSA (2009), Gry et al. (2006),
Hylands and Mansour (1982), Hylands and Salama
(1976), Oobayashi et al. (1992), Pohlmann (1975)
Fruit Brydioﬁn Muñoz et al. (1992), Tardío et al. (2016)
C. ambrosioides Aerial part (essential
oil)
Peroxygenated monoterpene: ascaridole; phenylpropanoid: safrole EFSA (2012, 2009), Kiuchi et al. (2002), Tucker and
Maciarello (1998)
F. vulgare Aerial part (essential
oil)
Phenylpropanoids: trans-anethole and estragole (2.3–4.9%) EFSA (2012, 2009)
Fruit (essential oil) Phenylpropanoid: estragole (0.8 –>80%) EFSA (2012, 2009)
Seeds (essential oil) Phenylpropanoid: estragole (from 11.9 to 56.1% in unripe seeds to 61.8%
in ripe seed)
EFSA (2012), García-Jiménez et al. (2000)
G. hederacea Aerial part Pyrrolidine alkaloids: hederacines A and B EFSA (2012), Kumarasamy et al. (2003)
Flowering aerial part
(essential oil)
Monoterpene etheroxide: 1,8-cineole (eucalyptol, 1.9–4.6%) EFSA (2012)
H. lupulus Inﬂorescence Prenylﬂavonoids: 8-prenylnaringenin (hopein), xanthohumol,
isoxanthohumol
EFSA (2009)
M. pulegium Aerial part (essential
oil)
Monocyclic monoterpene ketone: pulegone (71.3–90%); bicyclic
monoterpenes: menthofuran and thujones; monoterpene etheroxide: 1,8-
cineole (eucalyptol)
EFSA (2012, 2009), Kristanc and Kreft (2016a), Teixeira
et al. (2012)
O. vulgare Aerial part (essential
oil)
Bicyclic monoterpene: beta-thujone (0–0.6%); monoterpene etheroxide:
1,8-cineole (eucalyptol, 0–6.5%)
EFSA (2012)
P. rhoeas Whole plant – Al-Qura'n (2005), EFSA (2012), Kemal et al. (2015),
Tardío et al. (2016)
Rumex sp.pl. Whole plant Oxalates and hydroxyanthracene derivatives: chrysophanol, physcion,
emodin, aloe-emodin, rhein, barbaloin (aloin A and B) and sennosides A
and B
EFSA (2012)
S. vulgaris Root Triterpenoid saponins: silenosides A, B and C Glensk et al. (1998)
S. marianum Flowering top and
seed
– EFSA (2012)
T. communis Rhizome Steroidal saponins: dioscin and gracillin; phenanthrene derivatives EFSA (2009), Kovács et al. (2007), Réthy et al. (2006),
Tardío (2005)
Fruit – Tardío et al. (2016)
Thymus sp.pl. Aerial part (essential
oil)
Monoterpene etheroxide: 1,8-cineole (eucalyptol) EFSA (2012)
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monocotyledons) (Güçlü-Üstündağ and Mazza, 2007; Podolak et al.,
2010). The structural complexity of these compounds results in a wide
range of biological properties (Güçlü-Üstündağ and Mazza, 2007)
among which in vitro haemolytic activity has been one of the most in-
vestigated ones. This activity is mainly attributed to their ability to
interact with membrane cholesterol that leads to membrane destabili-
zation (Podolak et al., 2010). According to Oda et al. (2000), the hae-
molytic eﬀect of saponins can be related to the presence of an acyl
residue or oxide-ring moiety. However, both aglycone and sugar chain
play an important role for cytotoxic activity (Podolak et al., 2010).
As presented in Table 7, the steroidal saponins dioscin and gracillin
(Fig. 4) were identiﬁed in rhizomes of T. communis (EFSA, 2009) and
the triterpenoid saponins silenosides A, B and C were extracted from
roots of S. vulgaris (Glensk et al., 1998). The pharmacokinetics of
dioscin was studied by Li et al. (2005). The authors found that its
bioavailability after oral administration to rats was very low (0.2%) and
sustained prolonged absorption in the intestines, where it remained at
high concentrations even after 120 h after administration. Other studies
indicated that dioscin has anti-inﬂammatory properties (Wu et al.,
2015) and inhibits proliferation and induces apoptosis in cancer cells
(Zhang et al., 2016; Zhao et al., 2016), highlighting this compound as a
promising anti-inﬂammatory and anti-cancer drug.
5.5. Phenanthrenes and hydroxyanthracenes
Phenanthrenes have been reported in higher plants, mainly in the
family Orchidaceae, but also in Dioscoreaceae, Combretaceae and
Betulaceae families and Hepaticae class (Kovács et al., 2008). Phe-
nanthrene derivatives with a pronounced cytotoxic activity on cervix
adenocarcinoma (HeLa) cells were isolated from rhizomes of T. com-
munis (Kovács et al., 2007; Réthy et al., 2006). Despite all the potential
of this group of natural bioactive compounds as cytotoxic, anti-in-
ﬂammatory, antimicrobial, spasmolytic, and antiplatelet aggregation
agents (Kovács et al., 2008), their pharmacological potential is not yet
suﬃciently studied.
In addition to oxalates, some Rumex species may also contain hy-
droxyanthracene derivatives (EFSA, 2012). Eight anthracene deriva-
tives were described in six Rumex species (Table 7), including R.
acetosa, R. acetosella, R. crispus and R. obtusifolius, and the highest levels
were detected in the roots (Smolarz et al., 2011).
5.6. Monoterpenes, phenylpropanoids and prenylﬂavonoids
As shown in Table 7, potentially toxic monoterpenes and phenyl-
propanoids can be found in the essential oil of some of the wild plants
under review. All plants containing these constituents appear on the
Fig. 4. Chemical structure of potentially toxic compounds
that can be found in some WEPs presented in Table 7. A:
lycopsamine; B: laburnine; C: hederacine A; D: hederacine
B; E: cucurbitacin D; F: dioscin; G: gracillin; H: ascaridole; I:
safrole; J: 8-prenylnaringenin; K: xanthohumol; and L:
isoxanthohumol.
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EFSA compendium of botanicals that have been reported to contain
toxic or other substances of concern (EFSA, 2012, 2009). The bicyclic
monoterpene ascaridole and the phenylpropanoid safrole (Fig. 4) can
be found in C. ambrosioides essential oil (Kiuchi et al., 2002; Tucker and
Maciarello, 1998). This is an essential oil with anthelmintic activity that
has been used to treat parasitosis and leishmaniasis (Monzote et al.,
2009). Its toxicity is mainly attributed to the presence of caryophyllene
oxide, while the toxicity of ascaridole is potentiated by the availability
of redox-active iron (Gille et al., 2010; Monzote et al., 2009). 1,8-Ci-
neole (eucalyptol) is an essential oil constituent of G. hederacea, M.
pulegium and O. vulgare (EFSA, 2012, 2009; Kristanc and Kreft, 2016a).
It is used as food ﬂavouring and as excipient in the pharmaceutical
industry. However, this organic compound presents possibly maternal
and foetal toxicity (Caldas et al., 2016).
Pulegone can be found in Mentha sp.pl., especially in M. pulegium
essential oil, which also contains the bicyclic monoterpenes mentho-
furan and thujones (Anderson et al., 1996; Da Rocha et al., 2012; EFSA,
2012, 2009; EMA, 2016; Kristanc and Kreft, 2016a). Menthofuran is a
hepatotoxin produced biosynthetically from pulegone (a compound
with strong insecticidal activity) (Abdelli et al., 2016). Menthofuran is
metabolically activated to an electrophilic gamma-ketoenal that is
capable of covalent binding to cellular proteins to form covalent ad-
ducts (Thomassen et al., 1992). In turn, thujones are known for their
neurotoxic eﬀects (Radulović et al., 2017).
Regarding phenylpropanoids, estragole and trans-anethole have
been reported as constituents of the F. vulgare essential oil (EFSA, 2012,
2009; García-Jiménez et al., 2000). The genotoxic and carcinogenic
(mainly hepatocarcinogenic) eﬀects of estragole are well established in
several rodent models. Although trans-anethole is not genotoxic, it in-
duces hepatocellular carcinomas in rats (Kristanc and Kreft, 2016b).
The prenylﬂavonoids 8-prenylnaringenin (hopein), xanthohumol
and isoxanthohumol (Fig. 4) were identiﬁed as the major phytoestro-
genic constituents in H. lupulus inﬂorescences (EFSA, 2009; Kristanc
and Kreft, 2016b), compounds which impart an endocrine-disrupting
potential to this plant (Kristanc and Kreft, 2016b). Costa et al. (2017)
demonstrated that the ingestion of 8-prenylnaringenin and xantho-
humol could ameliorate diabetic-related metabolic dysfunctions in mice
by regulating glucose and lipid pathways. Isoxanthohumol exhibits
antiproliferative activity against diﬀerent human cancer cell lines, in-
cluding those of the breast, ovarian, prostate, and colon. It also inhibits
the production of prostate-speciﬁc antigen (Żołnierczyk et al., 2015).
6. Safety precautions
Most poisonous wild plants are recognized as dangerous by local
populations due to the empirical knowledge acquired over centuries
and registered in ethnobotanical studies (Aceituno-Mata, 2010;
Carvalho, 2010). In addition, the consumption of botanicals of potential
concern for human health is cautioned by EFSA (EFSA, 2012, 2009).
Seed oils of A. azurea and B. oﬃcinalis, essential oils of C. ambrosioides,
F. vulgare,M. pulegium, O. vulgare and Thymus sp.pl., roots and rhizomes
of S. vulgaris, B. dioica and T. communis, fruits of B. dioica and T. com-
munis, and some Rumex sp.pl., among others presented in Table 7 and
Fig. 2, are plants of possible concern. Some of these botanicals are very
bitter and, in some cases, the traditionally consumed part is not where
the potentially toxic compounds accumulate. For example, cucurbita-
cins and steroidal saponins can be found in the roots of B. dioica and T.
communis, respectively (Table 7), but the young shoots with immature
leaves are the traditionally consumed parts of these wild asparagus
(Table 1) (Tardío et al., 2006). Traditional knowledge warns against the
toxicity of these species and considers the young shoots as the least
toxic part (Carvalho, 2010). According to some informants, these wild
foods should not be eaten in the ﬂowering or fruiting stage because they
can cause diarrhoea or other adverse eﬀects (Tardio et al., 2002). In
fact, ethnobotanical information describes that young shoots should be
gathered only in spring before the development of immature ﬂoral buds
(Carvalho, 2010). Therefore, just cooked young shoots should be con-
sumed (Tardío et al., 2016).
In the case of plants traditionally prepared as medicinal infusions/
decoctions (Table 1), empirical knowledge and healers indicate that the
long-term use of these preparations in humans should be avoided to
prevent possible adverse eﬀects, which may diﬀer according to the dose
and physical condition of the consumer (Carvalho, 2010).
7. Valorisation strategies, challenges and trends
WEPs have provided a key source of nutrients to humans since
prehistoric times; but their relevance to the human diet decreased ﬁrst
with the agricultural expansion and then with the industrial revolution
(Łuczaj, 2010; Reyes-García et al., 2015). In addition, wild foods are
often undervalued because of former associated perception of poverty
and scarcity and their relatively low presence in contemporary urban
diets. However, several studies have shown that WEPs: i) continue to
contribute to food sovereignty in many regions of the world, especially
in non-industrialized countries; ii) are key components of extensive
farming systems and of subsistence economy; iii) hold potential to re-
activate rural economies; and iv) help maintain local identities, with
likely eﬀects on biodiversity conservation (Menendez-Baceta et al.,
2017). Indeed, the current limited use of wild plants is a lost oppor-
tunity for local economy and population well-being of diﬀerent regions
of the world (Bacchetta et al., 2016).
Interestingly, some wild species are now re-emerging in gardens and
kitchens of urban areas around Europe, being increasingly found in
farmers' markets, gourmet food shops, and restaurants (Łuczaj et al.,
2012; Tardío, 2005; Vasquezde, 2016). Nevertheless, WEPs lack re-
cognition as signiﬁcant contributors to the human diet in developed
countries. Therefore, agro-ecological, nutritional, bioactivity and safety
studies are of high importance for their revival and commercialization
(Bacchetta et al., 2016). The revalorisation strategies herein proposed
are based on the following criteria:
- Nutritional and chemical characterization: The evaluation of the nu-
tritional value (macro- and micronutrients) and chemical composi-
tion (secondary metabolites) will highlight the most promising wild
species to be included in contemporary diets or to be use as an al-
ternative source of natural ingredients (Barros et al., 2010b). The
presence of anti-nutritional and toxic compounds should be in-
vestigated to ensure the safety of WEPs and based products.
- Evaluation of bioactivities and health promoting eﬀects: Several WEPs
are considered functional foods (Pinela et al., 2016e), i.e., foods that
exert beneﬁcial physiological eﬀects that go beyond the basic nu-
trition capacity. Thus, in parallel with the chemical prospecting
studies (which highlight the most promising species in terms of
bioactive molecules), the in vitro and in vivo evaluation of anti-
oxidant, anti-inﬂammatory, antitumor, antimicrobial, antidiabetic,
and cardioprotective potential of wild plant-based extracts or iso-
lated compounds should be performed (e.g., the studies of Pereira
et al. (2016), Guimarães et al. (2016) and Nikolić et al. (2014) with
Tuberaria lignosa (Sweet) Samp., Chamaemelum nobile (L.) All. and
Thymus sp.pl., respectively). The impact of a regular consumption of
wild plant foods in the prevention of diet-related and chronic dis-
eases should be accessed. The absence of toxicity must be always
ensured to safeguard human health and well-being.
- Application of innovative methods and technologies: Application of non-
conventional and emerging treatments (innovative packaging sys-
tems, light treatments, irradiation, high pressures, pulsed electric
ﬁelds, among others) for quality preservation and shelf-life exten-
sion of wild plant foods (Pinela et al., 2016a, 2016b, 2016c, 2016d),
in order to promote their commercialization and the consumer's
acceptance for minimally processed and new food products. Estab-
lishment of optimized protocols for recovery of high added-value
compounds (polyphenols, terpenoids, polysaccharides, and others)
J. Pinela et al. Food and Chemical Toxicology 110 (2017) 165–188
183
from wild species and their by-products and production of enriched
extracts to be used in industrial sectors (Pinela et al., 2017a, 2017b).
- Development of new products, recipes and characteristic dishes:
Development of wild plant-based foods and beverages, such as C.
intybus-based coﬀee (Street et al., 2013), as well as functional in-
gredients to be used as nutraceuticals, preservatives, colorants,
sweeteners, or antifungals in new food, pharmaceutical, or cosme-
ceutical formulations (Barreira et al., 2013; Barroso et al., 2014;
Caleja et al., 2016a, 2016b, 2015; Martins et al., 2014). Some of
these natural ingredients (antioxidants, antifungals, colorants and
sweeteners) may replace speciﬁc artiﬁcial food additives used in the
industry (Carocho et al., 2015; Martins et al., 2016). New recipes
and characteristic dishes based on traditional uses and modes of
consumption of wild edibles might raise some interest in these foods
as wild products are becoming fashionable. In the Iberian peninsula
and Italy, dishes incorporating T. communis, A. acutifolius, A. am-
peloprasum, N. oﬃcinale, M. fontana, B. oﬃcinalis, M. sylvestris, P.
rhoeas, S. hispanicus, Rumex crispus L., and Urtica dioica L. (Fig. 1)
can be found in some luxury restaurants (Bicho, 2015; Łuczaj et al.,
2012).
- Implementation of alternatives to wild-harvesting practices: Wild har-
vesting may represent a source of income for rural communities.
However, an uncontrolled and irrational overexploitation promoted
by economic interests may become a risk and lead to species ex-
tinction and erosion of some components within diﬀerent ecosys-
tems. Although the challenges are great, domestication and culti-
vation of wild species is the most sustainable alternative that oﬀers
several advantages over wild harvesting. Additionally, cultivation
provides reliable botanical identiﬁcation, guarantees a steady
source of raw material, allows controlled post-harvest handling and,
therefore, the quality control can be assured. Moreover, cultivated
plant materials can be easily certiﬁed as organic or biodynamic
(Schippmann et al., 2002). However, further agronomic and bio-
technological research is needed.
- Agricultural and in vitro production: The most promising wild plants
(native or introduced and naturalized) should be selected for culti-
vation in order to diversify the on-farm production. Since most of
them are autochthonous plants adapted to local environments, they
support the seasonal variations and adverse climatic conditions of
the region, which ensure more stable productions (Molina et al.,
2016). For example, S. hispanicum is already cultivated and com-
mercialized in some regions of Spain and its shoots are sold as
gourmet food product (Łuczaj et al., 2012). The agricultural interest
for non-food crops for obtaining high-added value products is also
attractive, namely n-3 fatty acids from seeds of B. oﬃcinalis (Guil-
Guerrero et al., 2013), tocopherols from G. hederacea (Barros et al.,
2010d) and C. ambrosioides (Barros et al., 2013), phenolic com-
pounds from R. ulmifolius (Barros et al., 2010e), inulin from C. in-
tybus (Amaducci and Pritoni, 1998), cucurbitacins from B. dioica
roots (Chen et al., 2005; Gry et al., 2006; Hylands and Mansour,
1982; Hylands and Salama, 1976; Oobayashi et al., 1992;
Pohlmann, 1975), and prenylﬂavonoids from H. lupulus in-
ﬂorescences (Kristanc and Kreft, 2016b).
- Breeding and genetic characterization of crop wild relatives: The genetic
improvement of crop wild relatives is a scientiﬁc challenge that
should be pursued. Advanced biotechnological and molecular tools
could facilitate the discovery of new genes and open new opportu-
nities for plant breeding (Amirul et al., 2014). In fact, wild relatives
maintain a much higher level of genetic diversity than domesticated
cultivars (Zhang et al., 2017). Using omics-scale technologies and
advanced techniques, genes of interest can be transferred from wild
species to cultivated crops. The development of novel crop varieties
can help overcame critical challenges of food production related to
the deleterious eﬀects of climate change and human activities as
well as diverse environmental stresses (Zhang et al., 2017).
- In situ and ex situ conservation: Plant genetic resources strategies and
techniques play an important role in wild species conservation and
management. Particularly on-farm conservation and protected areas
deﬁned (in situ conservation measures), as well as ex situ conserva-
tion measures supporting in situ conservation, have great relevance
to wild edibles use and prospective research. In situ strategies ac-
tively involve local people and might be representative samples of
unaltered species and ecosystems, limiting, to some extent, the po-
tential for environmental degradation and loss of resources. Ex situ
approaches preserve genetic resources of wild and cultivated spe-
cies, using a diverse body of techniques and facilities (e.g. gene
banks, in vitro plant collections, ﬁeld collection), providing excellent
research opportunities on the components of biological diversity.
- Application for environmental remediation: Some wild species have
high potential to be used in phytoremediation programs such as N.
oﬃcinale due to their capacity to bioaccumulate environmentally
toxic substances in their tissues (Torbati et al., 2014).
- Publicizing and divulgation: Drawing public attention to and pro-
moting the potential of WEPs in restaurants and gourmet food
shops, since, nowadays, there are consumers looking for food with
diﬀerentiated organoleptic properties from those daily eaten.
The revival of WEPs will promote the conservation of people's local
identity and traditions, since wild plants are part of the cultural heri-
tage of the regions where they are used (Carvalho, 2010; Carvalho and
Morales, 2010), increase the range of available foods and plant-based
products, and diversify the agricultural productivity and small-scale
and familiar agriculture. In fact, wild plants are alternative potential
crops to enhance the agricultural productivity within extensive farming
systems and homegardens, at a local and regional level. For instance the
particular case of North-eastern Portugal, where the mountain farming
which is largely based on family farming, might use the diversity of
agro-ecosystems to promote diversiﬁcation of crops, integration of
forests non timber products and livestock activities, furthermore in-
cluding sustainable gathering of wild edibles and cultivation of some
wild species.
The strategies herein proposed for the valorisation of wild plant
species should be carried out by a multidisciplinary team composed by
farmers, agronomists, ecologists, ethnobotanists, biochemists, nutri-
tionists, pharmacists, food engineers, chefs (for creating new dishes and
recipes) and decision makers, among other stakeholders. This colla-
borative endeavour between diﬀerent disciplines and scientists and the
industrial sector will generate knowledge, new practices and relevant
outputs, as well as an ecologically sustainable development.
8. Concluding remarks
WEPs are alternative sources of nutrients and bioactive compounds,
such as vitamins (B9, C and E), minerals, ﬁber, unsaturated fatty acids,
and phenolic compounds. Their interest as contemporary foods is not
only due to their nutritional value but also to their peculiar organo-
leptic characteristics, which makes them diﬀerentiated foods to be in-
cluded in new recipes and gourmet dishes. Particular care should be
taken with species containing high concentrations of oxalates and other
potentially toxic compounds such as pyrrolizidine alkaloids, cucurbi-
tacins, saponins, anthracene derivatives, monoterpenes, phenylpropa-
noids and prenylﬂavonoids. A. azurea, B. oﬃcinalis, C. ambrosioides, G.
hederacea, B. dioica, T. communis, and Rumex sp.pl. are some of the
species reported by EFSA as containing compounds of possible concern.
Nevertheless, often the plant parts described as containing the poten-
tially toxic compounds are not the traditionally consumed ones or are
very bitter. In some cases the compounds of concern are poorly ab-
sorbed (such as saponins) or destroyed during cooking.
Given the high potential of wild harvested plants and crop wild
relatives in today's society, diﬀerent retrieval strategies were proposed
in order to highlight their potential and promote their use in agro-food,
pharmaceutical and environmental sectors. Their revival, agricultural
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production, commercialization and conservation can generate knowl-
edge, new practices, and relevant goods and services, and contribute to
an ecologically sustainable development at a local and global level.
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